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Bacteriology of Butter 
VI. Effect of Moisture Dispersion in Butter 
on Growth of Bacteria 
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IOWA STATE COLLEGE OF AGRICULTURE 
AND MECHAN IC ARTS 
R. E. BUCHANAN, Director 
DAIRY INDUSTRY SECTION 
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SUMMARY AND CONCLUSIONS 
I. At 2I dc. (69.soF.) the growth of various orgFlnisms in un-
salted butter was influenced by the extent of the working. In 
general, growth was most rapid and the numbers were the highest 
ill under worked butter, while growth was slowest and the numbers 
were the lowest in thoroughly worked butter; moderately worked 
butter gave intermediate values. At approximately 5°C. (41 ° F.) 
growth was slower than at 21 °C., but the effect of working was 
essentially the same. 
2. As determined by smearing approximately 1/20,000 gram 
portions on dry agar slopes and counting the colonies after incuba-
tion, the distribution of organisms in fresh butter churned from 
inoculated pasteurized cream was rather regular. After holding 
the butter at 2 I dc. the distribution in the under worked and moder-
ately worked butter was usually very irregular while that in the 
thoroughly worked was less irregular. Slopes from the under 
worked and moderately worked butter indicated a more extensive 
growth than slopes from the thoroughly worked butter. At approxi-
mately 5°C. butter containing organisms that grew only slightly 
showed very little irregularity in distribution. When the butter 
contained an organism capable of considerable growth, under 
working and moderate working generally resulted in more exten-
sive growth and more irregular distribution of organisrps than 
thorough working. 
3. When lots of cream, each inoculated with a pure culture of 
an organism capal)le of producing a defect in the butter, were 
churned and the butter was worked different amounts . the period 
required for the appearance bf defects at 2 1°C. increased as the 
amount of working was increased. Spoilage usually appeared in 
I to 2 days in the under worked butter, while the thoroughly 
worked kept longer and occasionally did not show the defect even 
after 7 days. The moderately worked butter showed the defect 
either at the same time as the under worked butter or somewhat 
later. At approximately 5°C. the appearance of the defects was de-
layed but under working again resulted in more rapid deterioration 
than thorough working. 
4. In unsalted butter made with butter culture the pH values of 
the butter serum decreased more rapidly at 21 °C. and reached 
lower final values in the under worked butter than in the thoroughly 
worked, while moderately worked butter gave intermediate values. 
The relationship was the same whether a relatively small or large 
inoculation of the cream with butter culture was used. 
Bacteriology of Butter 
VI. Effect of Moisture Dispersion in Butter 
on Growth of Bacteria l 
By H . F. LONG AND B. W. HAMMER 
The bacteria in butter are largely contained in the moisture drop-
lets. Since water is not the continuous phase, as in milk and cream, 
migration does not take place readily, and growth is restricted pri-
marily to infected droplets. As pointed out by various investiga-
tors, the working of butter disperses the moisture into finer droplets. 
In under worked butter the droplets are relatively large while in 
thoroughly worked butter they are smaller and well separated 
by fat. The number of bacteria in a portion of butter remains 
practically constant during working, consequently an increase in 
the number of water droplets through a finer dispersion of the 
moisture results in a decrease in the percentage of infected droplets. 
Decreasing the size of the droplets also decreases the nutrients 
available to the bacteria in the infected droplets. Aecordingly, 
the distribution of moisture in butter is a factor tending to in-
fluence the growth of bacteria, and changes due to bacterial action 
should take place more slowly in thoroughly worked than in under 
worked butter. 
HISTORICAL 
Rahn and Boysen (6) studied the distribution and growth of 
bacteria in butter and noted that during the churning process a 
considerable portion of the moisture in butter became sterile and 
also that extended working increased the percentage of moisture 
that was sterile. The amount of moisture shut off from bacteria 
depended on two factors, the number of bacteria in the cream at 
the time of churning and the degree of dispersion of moisture in 
the butter. Acid production in the serum was less with over worked 
than with normally worked butter. The authors suggested from 
their study that thorough working of butter improves the keeping 
qualities. 
Knudsen and Jensen (4) investigated the ability of bacteria to 
grow in unsalted butter worked to various degrees and found 
that bacterial activity decreased as the working was increased. 
They assumed that working tended to decrease the size of the water 
droplets and thus reduce the nutrients available for bacterial 
growth. Low salted butter in one instance was found to deteriorate 
more rapidly than unsalted butter from the same churning, the 
two lots having received equal amounts of working. This was 
considered a result of the salt particles attracting water and thus 
causing a coarse distribution of the water; organisms not greatly 
influenced by the salt concentration were then able to develop 
rapidly. 
lProject 11 9 of the Iowa Agricultural Experiment Stat ion. 
5. Acid numbers on the fat of butter made from pasteurized 
cream inoculated with lipolytic organisms indicated that at 21 0c. 
under working resulted in higher values than thorough working. 
6. The extent to which butter is worked should be considered a 
factor that definitely influences the microbiological deterioration 
of the product. The finer dispersion of the moisture droplets 
obtained by thorough working decreases the food supply in infected 
droplets and thus retards spoilage. I t should be emphasized that 
the results apply to microbiological deterioration alone and not to 
chemical deterioration. 
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Hammer and Hussong (3) found that, on a comparative basis, 
bacteria multiplied more rapidly and reached higher numbers in 
the serum separated from unsalted butter than in the unsalted 
butter itself, which indicates that all the nutrients in butter are not 
available for bacterial growth. 
Collins and Hammer (2) reported that migration of bacteria 
through unsalted butter held at favorable growth temperatures was 
uncommon. The tendency of bacteria to migrate was greater with 
poorly worked butter than with well worked, presumably because 
of the presence of water channels. When water collected along a 
parchment wrapper or the wall of a container, extensive migration 
took place. 
Scharp (7) investigated the growth of bacteria in commercial 
unsalted butter worked various amounts. Counts were made at the 
time of manufacture and after 2, 4 and 6 days holding at room 
temperature. He observed that as the time of working increased, the 
number of organisms after any holding period decreased. The 
slower multiplication with the longer working was attributed to a 
finer dispersion of the moisture, which resulted in a larger number 
of sterile droplets and limited the food supply of the bacteria. 
STATEMENT OF PROBLEM 
The studies reported herein were undertaken primarily to deter-
mine the effect of the degree of moisture dispersion in butter on 
various changes in the product. These included changes in the 
numbers of organisms, but particular attention was given to the 
rate at which changes occurred in odor, serum pH and fat acidity. 
PROCEDURE AND METHODS 
Since most of the trials involved inoculation of the cream with 
an organism that produces conspicuous deterioration in butter, it 
seemed advisable to use a hand churn rather than risk serious con-
tamination of the churns in the butter laboratory. All the butter 
was left unsalted; some of it was held at 21°C. (69.soF.) in order 
to study the effect of working on the activity of the organisms 
under very favorable growth conditions, while the remainder was 
held at approximately 5°C. (41°F.) 
The organisms used in the trials were Achromobacter lipolyticum, 
Achromobacter putretaciens, Alcaligenes lipolyticus, Mycotorula 
lipolytica, Pseudomonas tragi, an unidentified proteolytic gram-
negative rod (culture A) capable of producing a putrid condition 
in butter and an unidentified proteolytic and lipolytic gram-nega-
tive rod (culture B) capable of producing a rancid condition in 
butter; various butter cultures were also employed. 
MANUFACTURE OF BUTTER 
Cream was pasteurized at SO-90°C. (176-194°F.) for approxi-
mately 45 minutes, cooled, held over night at approximately 5°C. 
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(41 ° F.) and inoculated just before churning in a Dazey type churn 
that had been sterilized by chemical treatment. The cream was 
kept cold, consequently the granules of butter were firm. The butter 
was washed with sterile wash water and worked by hand, using 
sterile equipment. During the working, samples were taken of 
the under worked, moderately worked and thoroughly worked 
butter. An attempt was made to use about the same amount of 
working with the under worked butter in the different trials and 
also with the moderately worked and thoroughly worked butter. 
The under worked butter generally showed considerable free mois-
ture, the moderately worked butter showed very little free moisture, 
while the thoroughly worked butter was dry. In several trials in 
which moisture determinations were made, the percentages of 
moisture in the three samples in a series were essentially the same. 
BACTERIAL COUNTS 
Bacterial counts were made by the plate method using beef in-
fusion agar and an incubation of 4 days at 21°C. (69.soF.). 
DISTRIBUTION OF ORGANISMS 
The distribution of organisms in the butter was studied with the 
adaptation of the Burri smear culture technic described by Long 
and Hammer (5). 
ACIDITY 
The pH of the butter serum was determined with the quinhy-
drone electrode, the serum being recovered by centrifuging the 
melted butter and drawing off the fat. 
. The acidity of the fat was determined on a lO-gram portion with 
the procedure described by Breazeale and Bird (I). 
EXPERIMENTAL 
EFFECT OF MOISTURE DISPERSION ON CHANGES IN 
NUMBERS OF ORGANISMS IN BUTTER 
In each trial made to study the effect of moisture dispersion on 
changes in numbers of organisms in butter, the pasteurized cream 
was inoculated with a culture. Samples of under worked, moder-
ately worked ' and thoroughly worked butter from each churning 
were stored at 21 °C. and in most instances at approximately 5°C. 
also. Plate counts were made at intervals extending over a period 
of 7 days on the butter at 21 0C. and 21 days on the butter at 
approximately 5°C. The results of three representative trials are 
presented in fig. I, in which logarithms of numbers of organisms 
are plotted against time ; the pasteurized cream was inoculated in 
trial I with 0.07 percent of a milk culture of culture A, in trial 2 
with 0.02 percent of a milk culture of Ps. tragi and in trial 3 with 
0.06 percent of a milk culture of Myc. lipolytica. 
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The values on the butter held at 21 °C. indicate that growth was 
retarded by increased working. I n general, the difference between 
the under worked and moderately worked butter was definitely 
less than between the under worked and thoroughly worked 
butter. The effect of working appeared to be much the same with 
the yeast, Myc. lipolytica, as with the bacteria. Usually the bac-
terial counts at the last examination were lower than earlier in the 
holding period. With Myc. lipolytica, maximum counts on the 
moderately worked and thoroughly worked butter were obtained 
at the last examination, and on continued holding either sample 
might have shown higher counts than the under worked butter; the 
fact that growth in the thoroughly worked butter was retarded 
for 7 days, however, indicates the general effect of increased 
working. The retarding effect of increased working with Myc. lipo-
Z,ytica is especially significant, since the organism forms hyphal-
like threads and presumably is able to migrate to some extent from 
one moisture droplet to another. 
When the butter was held at approximately 5°C. the highest 
counts were frequently obtained at the last examination (21 days); 
with longer holding higher counts probably would have resulted. 
The values show that increased working tended to retard growth 
much the same as at the higher temperature, and under working 
again resulted in more extensive growth than thorough working. 
The data obtained in the trials reported have been substantiated 
in other trials involving various organisms. With increased work-
ing there generally was less growth of the organisms in the butter. 
In the trials involving Ach. putrefaciens it was impossible to count 
the organisms by the plate method because of their failure to de-
velop properly on plates. Very heavily seeded plates often showed 
growth, but the estimates of the numbers of colonies were regarded 
as unreliable. Because the production of defects by Ach. putre-
faciens was delayed by increased working, it appeared that growth 
was retarded. 
DISTRIBUTION OF ORGANISMS IN UNDER WORKED, MODER-
ATELY WORKED AND THOROUGHLY WORKED BUTTER 
The distribution of organisms in under worked, moderately 
,"vorked and thoroughly worked butter was studied by an adapta-
tion of the Burri technic (5) in which 10 portions, each of approxi-
mately 1/20,000 gram, were smeared on dry agar slopes. The 
butter was made from pasteurized cream, each lot being inoculated 
with a pure culture; it was held at 21 °C. and also at approximately 
5°C. and examined at intervals. 
When small amounts of culture were used to inoculate the pas-
teurized cream, slopes prepared from the fresh butter showed very 
few colonies, with a considerable percentage showing no colonies. 
As the inoculum used in the cream was increased, more slopes 
showed growth and the numbers of colonies on the slopes were 
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higher, but extreme variation in distribution of organisms in the 
fresh butter did not occur. 
BUTTER HELD AT 21°c. 
With the under worked butter, slopes prepared after I to 2 days 
indicated extensive growth and rather irregular distribution of 
organisms. In a trial involving Ps . tragi one slope from the under 
worked butter contained no colonies and another 48, while one had 
420 colonies and another 448. The moderately worked and 
thoroughly worked butter generally showed less growth and the 
distribution of organisms was more regular. 
After 4 days the moderately worked butter often showed as 
e~tensive growth and irregular distribution of organisms as the 
under worked, while the thoroughly worked again had less growth 
and less variation in distribution. In a trial with Ps. tragi one slope 
from the moderately worked butter was sterile and another showed 
two colonies, while one contained 448 colonies and another numbers 
too high to estimate. 
Slopes prepared after 7 days indicated the numbers of organisms 
in the under worked and moderately worked butter were sometimes 
as large and sometimes smaller than those prepared earlier. The 
decrease was probably a result of death of organisms from accumu-
lated metabolic products. Variations in distribution were usually 
evident. Slopes from the thoroughly worked butter commonly 
showed as much or more growth than at earlier periods and as much 
variation in distribution of organisms. The irregularity in numbers 
of colonies on the slopes was not as pronounced with this butter 
as with the portions receiving less working. In a trial with culture 
A two slopes from thoroughly worked butter were sterile, while 
one had 46 colonies and another 116 colonies. 
BUTTER HELD AT APPROXIMATELY 5°c. 
The distribution of organisms in the butter depended largelY on 
the temperature relationships of the species used. With some 
organisms, such as culture A, growth was slight and consequently 
there was no significant variation in distribution, even after ex-
tended holding. With other organisms, such as Myc. lipolytica, 
growth was definite after either 14 or 21 days but not after 7 days. 
Butter containing Ps. tragi commonly showed extensive growth 
and rather extr~me variation in distribution after either 14 or 21 
days but not after 7 days. 
When butter contained an organism capable of growing at 
approximately 5°C., the under worked and moderately worked 
portions usually showed more extensive growth and greater irregu-
larity in distribution than the thoroughly worked butter. In a trial 
with Ps. tragi two slopes from the under worked butter held 14 
days contained no colonies while five were overgrown, and one 
slope from the moderately worked butter contained 115 colonies 
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and another 220 colonies while five were overgrown. However, 
with the thoroughly worked butter eight slopes contained no 
colonies while one contained 85 and another 94 colonies. 
EFFECT OF MOISTURE DISPERSION ON DEVELOPMENT 
OF DEFECTS IN BUTTER 
The effect of the moisture dispersion on development of defects 
in butter was studied by holding under worked, moderately worked 
and thoroughly worked butter at 2I 0e. and also at approximately 
5°e.; the butter was examined at intervals for the defect expected 
on the basis of the organism inoculated into the pasteurized cream. 
R.epresentative results are given in figs. 2, 3 and 4. 
At 21 0e. the under worked butter showed the defect earlier than 
the thoroughly worked in every instance. The moderately worked 
butter had the defect as soon as the under worked in four instances 
and somewhat later in four. The thoroughly worked butter did not 
show the defect during the entire holding period in three instances 
involving three species of organisms, although the under worked 
butter deteriorated in a very short time. With Myc. lipolytica 
increased working appeared to retard spoilage to some extent but 
it was not as effective as in some of the trials in which bacteria 
were used. 
At approximately 5°e., as would be expected, defects developed 
much slower than at 21 °e. , but again the under worked butter 
deteriorated sooner than the thoroughly worked. The thoroughly 
worked butter did not show deterioration at the last examination in 
any of the four trials, while the under worked butter showed deter-
ioration between 14 and 21 days in three of the trials and between 
7 and 14 days in the remaining trial. The moderately worked butter 
deteriorated as rapidly as the under worked in three of the trials 
and somewhat less rapidly in one trial. The effect of working 
appeared to be much the· same with the yeast as with the bacteria. 
The representative data presented have been confirmed in many 
additional trials. The differences in the portions of butter consti-
tuting a series were evident not only to experienced butter judges 
but also to persons having no special knowledge of butter. Often 
these differences were very striking. 
EFFECT OF MOISTURE DISPERSION ON CHANGES 
IN pH OF BUTTER SERUM 
The effect of moisture dispersion on changes in pH of the serum 
was studied with butter made from pasteurized cream inoculated 
with butter culture just before churning. In trials 1, 2 and 3, 0.02 
percent culture was added and in trial 4, 0.007 percent ; in trial 5 
the cream was divided into two lots, one of which was inoculated 
with 0.02 percent culture and the other with 5 percent. The butter 
was held at 21 °e. and pH determinations made on the serum at 
int~rvals. The data obtained are presented in fig. 5. 
Butter under worked 
Butter moderately worked 
Butter thoroughly worked 
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TRIAL 1. Days required for production of a putrid condition by culture A. 
Butter under worked 
Butter moderately worked 
Butter thoroughly worked 
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TRIAL 2. Days required for production of a putrid condition by culture A. 
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TRIAL 3. Days required for production of a putrid condition by 
Acb.putrefaciens. .' 
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0 t '2. "3 4-
TRIAL 4. Days required for production of a putrid condition by 
Acb. putrefaciens. 
, 
FIG. 2. Effect of moisture dispersion on development of defects in butter at 21 ' C. 
The heavy lines show the periods the butter was normal. 
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DAYS HELD 
Z ::, .4 
TRIAL 5. Days requi red for production of a rancid condition by Ps. tragi. 
Butler under worked 
Butler moderately worked 
Butler thoroughly worked 
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TRIAL p. Days required for production of a rancid condition by Ps. tragi. 
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Butler moderately worked 
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TRIAL 7. Days required for production of a rancid condition by 
Ach. lipolyticum. 
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TRIAL 8. Days required for production of a cheesy to rancid condition by 
Myc. lipolytica. 
F,G. 3. Effect of moisture dispersion on development of defects in butter at Zl oC. 
The heavy lines show the periods the butter was norm al. 
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Buller under worked 
Buller moderately worked 
Buller thoroughly worked 
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TRIAL 9. Days required for production of a putrid condition by 
Acb. putretaciens. 
Buller under worked 
Buller moderately worked 
Buller thoroughly worked 
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'2.1 
TRIAL 10. Days required for production .of a cheesy condition by Ps. tragi. 
Buller under worked 
Buller moderately worked 
Buller thoroughly worked 
0 
DAYS HE1~ 7 '2.1 
TRIAL 11. Days required for production of a rancid condition by 
Acb.lipolyticum. 
Buller under worked 
Buller moderately worked 
Buller thoroughly worked 
P DAYS HELD 7 14-
TRIAL 12. Days required for production of a rancid condition by 
Myc. lipolytica. 
'2.1 
FIG. 4. Effect of moisture dispersion on development of defects in butter at approximately 5°C. 
The heavy lines show the periods the butter was normal. 
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In each trial and at every interval the serum of the under 
worked butter had the lowest pH, that of the moderately worked 
butter was next lowest, and that of the thoroughly worked butter 
was highest. The differences were commonly striking ; in trial 2 
the effect of working was especially conspicuous, and the pH of the 
serum of the thoroughly worked butter remained practically con-
stant during the 6-day holding period. 
Counts were not made on the fresh butter, but on the basis of 
the data presented in fig. I it can be assumed that the original 
bacterial contents of the under worked, moderately worked and 
thoroughly worked butter in a series were essentially the same. 
In trial 5 variation in the amount of ·inoculum did not alter the 
effect of working in retarding changes in the pH of the butter serum. 
As would be expected, the larger inoculum gave more rapid de-
creases in pH and lower final values than the smaller inoculum; 
this presumably resulted from the infection of a larger percentage 
of moisture droplets which made more nutrients available for bac-
terial growth. In trial 4, in which the smallest inoculum was used, 
the results obtained were essentially the same as in the other trials. 
EFFECT OF MOISTURE DISPERSION ON CHANGES 
IN ACIDITY OF FAT OF BUTTER . 
The effect of moisture dispersion on changes in the acid numbers 
of the fat of butter was studied in several churnings of pasteurized 
cream inoculated with lipolytic organisms. The butter was held 
at 21 °C. and the acid numbers were determined at intervals. The 
results of two of the trials are presented in fig. 6. 
In the trial involving Ale. lipolytieus the under worked butter 
had higher acid numbers than the thoroughly worked at every 
examination following the original. The difference was small after 
2 days but was considerable after 5, 10 and 15 days ; in the last 
three examinations the acid numbers of the under worked butter 
were approximately twice those of the thoroughly worked. The 
values on the control butter changed only insignificantly during 
the holding. 
In the trial with culture B much higher values were obtained 
than with Ale. lipolytieus. At each examination after the original, 
under working the butter again resulted in higher acid numbers 
than thorough working. Although the differences appear to be 
very striking, owing to the comparatively high values, the ratios 
of the acid numbers of the under worked to those of the thoroughly 
worked butter were much the same as with Ale. lipolytieus, being 
roughly two to one. The acid numbers of the control butter re-
mained rather constant. 
DISCUSSION 
The comparative rates of appearance of defects in butter and of 
changes in serum acidity, fat acidity and numbers of organisms all 
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indicate that organisms are more active in under worked than in 
thoroughly worked butter. The measurement of some product 
formed in butter by organisms is probably a more satisfactory in-
dication of their activity than plate counts ; the latter, because of 
errors inherent in the method, are open to considerable criticism. 
The acidities of the serum and of the fat are useful criteria, since 
ordinarily the maximum values are maintained while counts of 
the organisms present commonly decrease as conditions become 
unfavorable. In some instances microorganisms capable of utiliz-
ing organic acids might cause decreases in acidity, but this would 
not be of importance under the conditions studied. 
The decreased activity of organisms in thoroughly worked butter 
definitely establishes the significance of the degree of moisture 
dispersion as a factor affecting the keeping qualities of the product. 
This effect of thorough working has a direct application to the 
manufacture of butter, which is appreciated by certain persons in 
the industry. With the finer dispersion of the moisture, the drop-
lets that are infected do not contain as much food for the growth 
of organisms, and this results in less deterioration. 
While butter should be manufactured so that harmful organisms 
present in the cream are killed, and serious contamination of the 
pasteurized cream and the butter is prevented, the many sources of 
organisms make the control of all of them difficult, and irregulari-
ties in the manufacturing procedure sometimes occur. Thorough 
working of butter is a factor in retarding the action of organisms in 
the product and in delaying the appearance of defects due to 
growth. Adequate working thus becomes a means of protecting 
butter against certain defects. Although this protection ordinarily 
is not needed, it occasionally may be very important. 
The studies reported deal with deterioration due to organisms 
and not with chemical deterioration. Although the evidence is 
incomplete, various investigators have suggested that the working 
of butter tends to favor certain chemical changes. I f this is the 
case, working is another factor, comparable to the addition of salt 
to butter, which tends to limit the action of organisms but favors 
certain objectionable chemical reactions. 
Although the experiments involved only unsalted butter, the 
results are probably applicable to salted butter. Undoubtedly cer-
tain organisms that are more or less salt tolerant can grow in 
salted butter and bring about undesirable changes. Moreover, some 
of the moisture droplets in salted butter may not contain enough 
salt to prevent growth of non-salt tolerant species. If these drop-
lets are fairly large, considerable growth and deterioration can 
occur, but thorough working would tend to retard activity of organ-
isms in them. The situation in salted butter is modified somewhat 
by the tendency of salt to collect water at certain points where the 
salt concentration is relatively high. However, it appears that 
increased working would tend to prevent, rather than aid, such 
action. 
(I) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
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